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Asymmetric stem cell division is thought to require precise orientation of the mitotic spindle. However, a
recent study in Cell (Yingling et al., 2008) analyzes the role of LIS1 in the developing mouse brain and shows
that spindle orientation is more important during early, symmetric progenitor cell divisions than for later
asymmetric divisions.During the development of the mamma-
lian brain, billions of neurons are gener-
ated from just a few neuroepithelial
progenitor cells. To create this large num-
ber of neurons, neuroepithelial cells first
undergo symmetric divisions to expand
the progenitor pool (Gotz and Huttner,
2005; Knoblich, 2008). Afterward, they
switch to an asymmetric division mode
and give rise to one progenitor and one
cell, which differentiates into a neuron or
becomes an intermediate precursor with
only limited capacity to proliferate. This
transition is accompanied by changes in
cell identity: progenitor cells start to
express features of glia cells and are
therefore referred to as radial glia. In con-
trast to neuroepithelial cells that—like any
other epithelial cell—dividewith an apical-
basal division plane, radial glia cells can
divide in various orientations; a large
fraction of divisions have an oblique orien-
tation, and some cells even divide parallel
to the plane of the neuroepithelium. Alter-
ing spindle orientation by interfering with
heterotrimeric G proteins or depletion of
their binding partner AGS-3 (reviewed in
Knoblich, 2008) results in changes of the
daughter cell fates in radial glia cells.
Whether spindle orientation is also impor-
tant for the vertical divisions of neuroepi-
thelial cells, however, was unclear. In a
recent study, Yingling et al. use an allelic
series of mice deficient for the microtu-
bule and dynein binding protein LIS1 to
address the consequences of spindle
misorientation in early neuroepithelial
cells (Yingling et al., 2008). Surprisingly,
they find that spindle misorientation in
Lis1 mutant neuroepithelial cells leads to
a dramatic increase in apoptosis and
results in a severe disruption of the neuro-epithelium (Figure 1). When LIS1 is
deleted in radial glia cells, however, the
defects in neurogenesis are much milder.
Thus, precise control of spindle orienta-
tion may actually be even more important
for symmetric than for asymmetric cell
divisions.
LIS1 is a microtubule binding protein
that is well known for its role in neuronal
cell migration (Vallee and Tsai, 2006;
Wynshaw-Boris, 2007). Mutations in Lis1
are responsible for Lissencephaly, a ge-
netic malformation in which an inability
of cortical neurons to reach their final des-
tination results in severe brain defects
with characteristic smoothening of the
brain surface. Lis1, which is conserved
from yeast to humans, is part of a protein
complex that regulates dynein activity. It
is involved in several microtubule-depen-
dent processes like positioning of the cell
nucleus, neuronal migration, and organi-
zation of the mitotic spindle. Overexpres-
sion experiments have suggested that
cortical LIS1 is also involved in attaching
astral microtubules to the cell cortex and
thereby orienting the mitotic spindle and
determining the cleavage plane (Faulkner
et al., 2000). Although analysis of the Lis1
mutant phenotype in Drosophila has
provided support for a role in spindle
orientation (Siller et al., 2005), loss-of-
function studies have been difficult in
vertebrates because homozygous Lis1
knockout mice die at very early stages.
Yingling et al. (2008) make use of a hypo-
morphic conditional Lis1 allele to isolate
fibroblasts in which Lis1 can be deleted
by transfection of a Cre-expressing virus,
resulting in the progressive decline of
LIS1 protein levels. Using this system,
they demonstrate that microtubules areCell Stemgenerally shorter and do not extend to
the cell cortex when LIS1 levels are low.
In a clever series of drug-washout and
live imaging studies, they show that this
result is not due to a defect in microtubule
polymerization but rather to an inability of
the mutant microtubules to form stable
attachments with the cell cortex. During
mitosis, this defect leads not only to
a strong reduction in astral microtubules
but also—at low frequency—to chromo-
some missegregation. Thus, LIS1 is cru-
cial for cortical microtubule attachment
both in interphase and in mitosis.
As expected, the absence of cortical
microtubules causes severe spindle
orientation defects when the hypomor-
phic conditional Lis1 allele is used to
deplete the protein in vivo (Yingling
et al., 2008). In radial glia cells, this leads
to a higher fraction of horizontal divisions
and a depletion of the progenitor cell
pool, which may be due to an increased
number of asymmetric divisions. In neu-
roepithelial cells, however, the strong
predominance of vertical divisions is lost
and cells divide with almost random divi-
sion planes. Surprisingly, this leads to an
immediate and severe disruption of the
neuroepithelium,mostly due to a dramatic
increase in apoptosis. Using a careful
time course after Lis1 deletion by inter-
crossing with a tamoxifen-inducible Cre
line, Yingling et al. show that apoptosis
occurs before any visible loss of epithelial
polarity or disruption of tissue integrity,
suggesting that it is a direct consequence
of the spindle orientation defects. Ulti-
mately, early Lis1 deletion using Pax2-
Cre or Wnt1-Cre results in an almost
complete depletion of the Cre-expressing
brain areas, whereas deletion in radial gliaCell 2, March 2008 ª2008 Elsevier Inc. 193
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PreviewsFigure 1. LIS1 Is Required for Spindle Orientation and Survival in Neuroepithelial Cells
In wild-type mice, neuroepithelial cells divide at the apical-most position, with spindles oriented parallel to
the epithelial surface. In interphase, their nuclei undergo interkinetic migration and move between apical
and basal positions. In hypomorphic Lis1 mutant mice (Lis1/), interkinetic nuclear migration does not
occur. Mitotic spindles have no astral microtubules and are misoriented. Together, these defects cause
a dramatic increase in apoptosis of neuroepithelial cells.cells by hGFAP-Cre has only minor ef-
fects on the neocortex. Thus, spindle ori-
entation might actually be more important
in symmetrically dividing neuroepithelial
cells than at later stages of neurogenesis.
It will be interesting to determine the
contribution of the cell death phenotype
to progression of the human disease.
What are the reasons for this stage-
specific requirement for spindle orienta-
tion? It has been proposed previously
that neuroepithelial cells have a very
narrow apical membrane domain, and
thus only a precisely vertical division
plane would ensure its inheritance by
both daughter cells (Gotz and Huttner,
2005). The apical domain contains
proteins that promote proliferation (Costa
et al., 2008), and their combined absence194 Cell Stem Cell 2, March 2008 ª2008 Elscould be detrimental. Although Yingling
et al. use careful time course analysis to
demonstrate the specificity of the ob-
served effects, other functions of LIS1
and dynein could also contribute to the
cell death phenotype. In particular, LIS1
depletion also leads to chromosome
instability (Yingling et al., 2008) and
defects in interkinetic nuclear migration
(Vallee and Tsai, 2006). A recent study of
mice mutant for the heterotrimeric G pro-
tein interactor LGN also reported spindle
orientation defects in neuroepithelial cells
but did not observe a dramatic cell death
phenotype (Konno et al., 2008). Whether
redundancy between LGN and its paralog
AGS-3 is responsible for this phenotype
could be determined by mutating their
common binding partner Inscuteable.evier Inc.Like many other recent reports, this
paper is a beautiful example for how
mutating basic cytoskeletal proteins
can yield valuable insights into morpho-
genetic events as complex as formation
of the brain. Although such experiments
have begun to teach us the basic cell
biology of early neurogenesis, the
events that regulate adult stem cells
are more complex. It will be particularly
interesting to study the contribution of
spindle orientation to cell division and
self-renewal in the adult brain. The tools
for such experiments exist, and given
the speed at which this field is currently
moving, we certainly will not have to
wait for long.
REFERENCES
Costa, M.R., Wen, G., Lepier, A., Schroeder, T.,
and Gotz, M. (2008). Development 135, 11–22.
Faulkner, N.E., Dujardin, D.L., Tai, C.Y., Vaughan,
K.T., O’Connell, C.B., Wang, Y., and Vallee, R.B.
(2000). Nat. Cell Biol. 2, 784–791.
Gotz, M., and Huttner, W.B. (2005). Nat. Rev. Mol.
Cell Biol. 6, 777–788.
Knoblich, J.A. (2008). Cell 132, 583–597.
Konno, D., Shioi, G., Shitamukai, A., Mori, A.,
Kiyonari, H., Miyata, T., and Matsuzaki, F. (2008).
Nat. Cell Biol. 10, 93–101.
Siller, K.H., Serr, M., Steward, R., Hays, T.S., and
Doe, C.Q. (2005). Mol. Biol. Cell 16, 5127–5140.
Vallee, R.B., and Tsai, J.W. (2006). Genes Dev. 20,
1384–1393.
Wynshaw-Boris, A. (2007). Clin. Genet. 72,
296–304.
Yingling, J., Youn, Y.H., Darling, D., Toyo-oka, K.,
Pramparo, T., Hirotsune, S., and Wynshaw-Boris,
A. (2008). Cell 132, 474–486.
